We investigated the effects of the two fractions, aqueous (AEP) and ethanolic extracts of propolis (EEP) of the Brazilian propolis on azoxymethane (AOM)-induced aberrant crypt foci (ACF). Male Wistar Hannover (GALAS) rats were administered two weekly subcutaneous injections of AOM (20 mg/kg bw) and fed with diets mixed with AEP (100, 500 and 1,000 ppm) or EEP (500 and 1,000 ppm) for 4 weeks, starting one week before the first dosing of AOM. The modifying effects of the test extracts on ACF formation were assessed by counting the incidence and multiplicity of ACF at week 4. Proliferation cell nuclear antigen (PCNA)-labeling nuclei and apoptotic index were also immunohistochemically determined. Dietary supplementation with AEP and EEP significantly reduced the multiplicity of ACF with the effect of EEP being more potent than AEP. In the ACF and their surrounding non-lesional crypts, significantly lowered cell proliferation was observed in the rats, administered with AOM, and the extracts, while neither fraction affected the apoptotic index. Our findings suggest that AEP and EEP possess a chemopreventive ability in the early phase of colon carcinogenesis through the modulation of cell proliferation.
Introduction
The high incidence of colorectal cancer (CRC) is a major public health problem in the United States and other Western countries (1) . In Japan, the prevalence of CRC and the percentage of occurrence of this cancer among cancer deaths are increasing (2) . Although the etiology of CRC development is multifactorial and complex, a great deal of effort has been made in the identification of naturally occurring and related synthetic agents that prevent CRC development. Numerous naturally occurring compounds such as phenols, indoles, inositol-6-phosphate, aromatic isothiocyanates and dithiolethiones were shown to inhibit several types of cancer, including CRC, in preclinical studies using laboratory animal models (3, 4) .
Propolis is a natural product that is derived from plant resins collected by honeybees. Propolis, used in folk medicine for centuries contains a variety of compounds including polyphenolics, flavones, flavonones, phenolic acid and esters, and fatty acids (5) . Capillary zone electrophoresis revealed that different flavonoids, such as chrysin, rutin, catechin, myricetin, luteolin and quercetin, two phenolic acids (cinnamic and caffeic acids), and a stilbene derivative, resveratrol, are found in propolis extracts (6) . The composition of the propolis depends upon the vegetation of the area from where it was collected and on the bee species. Brazilian propolis specifically contains artepillin C, because the bees collect materials from the Brazilian plant, Baccharis dracunculifolia, which contains a large amount of antioxidative artepillin C (7, 8) . Propolis has a variety of biological activities. They include anticarcinogenic (9) , antioxidative (10), anti-inflammatory (11) and antibiotic (12) activities. Propolis has attracted much attention in recent years as a potential substance used for medicine and cosmetics. Several studies have reported on the anticarcinogenic activity of propolis in the colon (13, 14) . The active compounds of propolis are considered to be artepillin C (15) and caffeic acid (14) , which are present in the ethanolic extract of propolis. Therefore, biological activities of the ethanolic rather than aqueous extract from propolis are attractive. However, few studies dealing with biological activities, including the neuroprotective (16) and antimutagenic effects (17) , of the aqueous extract of propolis exist.
In the present study, we determined whether the aqueous fraction from the Brazilian propolis extracts prevents the formation of aberrant crypt foci (ACF), which are a putative precursor lesion for CRC (18) , induced by azoxymethane (AOM) in the rat colon. The effects were compared with those of the ethanolic extract.
Materials and methods

Preparation of fractions from Brazilian propolis extracts.
Brazilian propolis was obtained from the Yamada Apiculture Center (Okayama, Japan). Brazilian propolis (100 g) was extracted with 60% ethanol (EtOH) at room temperature to yield the extract. The EtOH extract was filtrated, evaporated and lyophilized. H 2 O was added to the extracts, and then filtrated. The filtrate was lyophilized to give an aqueous fraction (AEP, 14 g), and the residue was further extracted with EtOH to give an ethanolic fraction (EEP, 35 g). AEP and EEP were identified using a Delta 600E system (Nihon Waters, Tokyo, Japan) equipped with a Waters 2996 photodiode-array detection system. The used column was Cosmosil 5C18-AR-II (Φ4.6x250+Φ4.6x20 mm) (Nacalai Tesque Inc., Kyoto, Japan). The flow rate was 1 ml/min. We then identified the ingredients in the fractions by 1H NMR spectroscopy (ECA600 spectrometer, JEOL Ltd., Tokyo, Japan) and MS analysis (SX102A spectrometer, JEOL Ltd.). The analysis revealed that AEP contained the following acids: 13.5% 4,5-dicaffeoylquinic, 13.4% 3,5-dicaffeoylquinic, 4.9% p-coumaric, 1.7% chlorogenic, 1.3% 3,4-dicaffeoylquinic, 0.6% 4-caffeoylquinic, 0.2% 3-caffeoylquinic and 0.2% caffeic. The main ingredients of EEP were artepillin C (17.3%) and (E)-3-prenyl-4(2,3-dihydrocinnamoyloxy) cinnamic acid (11.8%). We were not able to determine chemistry of other components in EEP.
Animals, chemicals and diets. Male Wistar Hannover (GALAS) rats (19) aged 4 weeks purchased from CLEA Japan, Inc. (Tokyo, Japan) were used in the ACF assay. The animals were maintained in the Kanazawa Medical University Animal Facility according to the Institutional Animal Care Guidelines. The animals were housed in plastic cages (4 rats/ cage) with free access to drinking water and a basal diet, CRF-1 (Oriental Yeast Co., Ltd., Tokyo, Japan) under controlled conditions of humidity (50±10%), lighting (12-h light/dark cycle) and temperature (23±2˚C). The animals were quarantined for 7 days after arrival and randomized by body weight into experimental and control groups (Fig. 1) . Beginning at 5 weeks of age, they were fed with experimental diets for 4 weeks. The rats in groups 1 (11 rats) and 9 (4 rats) were fed the basal diet alone. Groups 2-4 (8 rats each) were fed the diets containing 100, 500 and 1,000 ppm of AEP, respectively. Groups 5 and 6 (8 rats each) were given the diets containing 500 and 1,000 ppm of EEP, respectively. Groups 7 and 8 (4 rats each) were fed the diets containing 1000 ppm of AEP and EEP alone, respectively. All rats were freely available for the experimental and basal diets and tap water, and weighed weekly. At 6 weeks of age, the animals in groups 1-6 were given two subcutaneous injections of AOM (20 mg/kg body weight, Sigma-Aldrich Chemical Co., St. Louis, MO, USA) to induce ACF. The animals were sacrificed 2 weeks after the last administration of AOM, and complete necropsies were performed. Eight rat colons from group 1 and 5 rat colons each from groups 2-9 were subjected to determine the presence of ACF.
Determination of ACF.
The number of ACF per colon was determined according to the method described in our previous report (20) . At autopsy, the colons were flushed with saline, excised, cut open longitudinally along the main axis and then washed with saline. They were cut, and fixed in 10% buffered formalin for at least 24 h. Fixed colons were dipped in a 0.5% solution of methylene blue in distilled water for 30 sec, briefly washed with the distilled water, and placed on microscope slides with the mucosal surface up. Using a light microscope (Olympus BX41, Olympus Optical Co., Ltd., Tokyo, Japan) at a magnification of x40, ACF were counted. After counting ACF, the colonic tissues were routinely processed for tissue preparation for histopathology and immunohistochemistry.
Immunohistochemistry. Immunohistochemistry for the proliferating cell nuclear antigen (PCNA) and apoptotic nuclei was performed on 4-μm thick paraffin-embedded sections from the rat colons in each group by the labeled streptavidin biotin method using an LSAB kit (Dako Japan, Kyoto, Japan) with microwave accentuation. The paraffinembedded sections were heated for 30 min at 65˚C, deparaffinized in xylene, and rehydrated through graded ethanol at room temperature. Tris HCl buffer (0.05 M, pH 7.6) was used to prepare solutions and for washes between various steps. Incubations were performed in a humidified chamber. To determine the PCNA-incorporated nuclei, PCNA immunohistochemistry was performed according to the method described by Watanabe et al (21) . The apoptotic index was also evaluated by immunohistochemistry for single-stranded DNA (ssDNA) (21) . Sections were treated for 40 min at room temperature with 2% BSA and incubated overnight at 4˚C with primary antibodies. These antibodies included anti-PCNA mouse monoclonal antibody (diluted 1:50, PC10, Dako Japan), and anti-ssDNA rabbit polyclonal antibody (diluted 1:300, Dako Japan). Horseradish peroxidase activity was visualized by treatment with H 2 O 2 and 3,3'-diaminobenzidine for 5 min. At the final step, the sections were weakly counterstained with Mayer's hematoxylin (Merck Ltd., Tokyo, Japan). For each case, negative controls were performed on serial sections. On the control sections, incubation with the primary antibodies was omitted. The intensity and localization of immunoreactivity against the two primary antibodies used were examined on all sections using a microscope, Olympus BX41 (Olympus Optical Co., Ltd.). The PCNA and apoptotic indices were determined by counting the number of positive nuclei at least 100 cells each in the lesional or normal-appearing crypts, and were expressed as percentages.
Statistical analysis. All measurements were statistically analyzed using one-way ANOVA followed by Tukey-Kramer post-hoc test for multiple comparison test (GraphPad Instat version 3.05, GraphPad Softwear, San Diego, CA, USA). Differences were considered to be statistically significant at P<0.05. Table I shows the body, liver and relative liver weights of the rats in all groups. The animals remained healthy throughout the experimental period. The mean body, liver and relative liver weights did not significantly differ among the groups. Table II summarizes the data of the colonic ACF analysis. The rats belonging to groups 1-6 that received AOM, developed ACF ( Fig. 2a and b) . ACF were not observed in rats in groups 7-9 that were not administered AOM. The mean number of ACF/colon of group 1 was 38.8±19.9. The dietary administration of AEP and EEP at all the dose levels caused significant inhibition of ACF formation: 100 ppm AEP, 14.2±5.2 (63% reduction, P<0.01); 500 ppm AEP, 8.8±8.7 (77% reduction, P<0.01); 1,000 ppm AEP, 10.6±6.9 (73% reduction, P<0.01); 500 ppm EEP, 7.2±5.4 ONCOLOGY REPORTS 20: 493-499, 2008 Table I. Body, liver and relative liver weights. - -
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(81% reduction, P<0.001) and 1,000 ppm EEP, 6.4±4.3 (84% reduction, P<0.001). There were significant decreases in the total number of aberrant crypts (ACs) per colon (P<0.01) in groups 2-6, and the number of ACs per focus (P<0.01) in these groups except for group 4. The numbers of ACF consisting of >4 crypts in groups 2-6 were significantly smaller than that of group 1 (P<0.01).
PCNA-labeling index. The PCNA-labeling index in the ACF (Fig. 2c) and normal-appearing crypts are presented in Table III . As for the mean PCNA-labeling index of ACF, the values of groups 3 (18.4±3.0, P<0.001) and 4 (14.0±1.6, P<0.001), which were treated with 500 and 1,000 ppm of AEP, respectively, were significantly decreased when compared with group 1 (26.6±3.6), although group 2 (21.4±2.1), which was treated with 100 ppm AEP, was insignificantly reduced. The indices of groups 5 (13.4±2.1, P<0.001) and 6 (12.2±4.2, P<0.001), which were treated with 500 and 1,000 ppm of EEP alone, respectively, were significantly reduced when compared with group 1. The mean PCNA-labeling indices in Table II . Effects of AEP and EEP of the extracts from propolis on AOM which induces ACF in rat colons.
- - normal-appearing crypts of groups 1-6 were higher than those of groups 7-9. Dietary feeding with AEP and EEP at all doses, except for group 2, significantly reduced the mean PCNA-labeling indices when compared with group 1 (P<0.001).
-----------------------------------------------------------------------------------------------------
Apoptotic index. The mean apoptotic indices in ACF (Fig. 2d) and normal-appearing crypts are presented in Table III . The mean apoptotic indices increased by treatment with AEP or EEP, but did not significantly differ among the groups.
Discussion
In the present study, we demonstrated that aqueous (AEP) and ethanolic fractions (EEP) extracted from Brazilian propolis exerted an inhibitory effect on ACF formation. Feeding with AEP and EEP decreased the number of large ACF which reflects colon cancer development (22) . In this study, dietary AEP significantly suppressed the ACF formation induced by AOM, but the effect was not dosedependent. Our findings, however, suggest that 500 ppm of AEP is the optimum dose to exert its ACF-inhibiting effect. Noteworthy findings in this study are that feeding with AEP as well as EEP was able to lower the cell proliferation activity in the ACF and their surrounding normal-appearing crypts, but did not affect apoptosis. de Lima et al reported that the aqueous extract of Brazilian propolis can modulate the DNA damage induced by DMH (23) . When the effects of AEP were evaluated on the formation of DMH-induced ACF and DNA damage in the colon of male Wistar rats by the ACF and Comet assays, respectively, AEP showed no statistically significant reduction of ACF either simultaneously with or after DMH treatment. However, AEP administered simultaneously with DMH, reduced DNA damage induction in the mid and distal colon. The difference of the effects of AEP of ACF formation between their study and our study may be due to the difference of strain of rats used. A water extract of Brazilian green propolis has recently been reported to inhibit doxorubicin-induced somatic mutation (24) . Our study demonstrated that chrysin, present in an ethanolic extract of propolis, has a chemopreventive activity in ACF occurrence in rats initiated with AOM (25) . Taken together, propolis extracts, either aqueous or ethanolic, affect proliferation and result in the inhibition of ACF development.
Several studies have indicated anticarcinogenic activity of propolis in the colon. Dietary propolis significantly reduced the number of colonic ACF induced by 1,2-dimethylhydrazine (DMH) in rats (13) . Caffeic acid esters, which are present in the ethanolic extract of propolis, suppressed ACF induced by AOM and inhibited the activities of ornithine decarboxylase, ONCOLOGY REPORTS 20: 493-499, 2008 Table III. PCNA-labeling and apoptotic index in ACF and colonic crypts of rats treated with AOM and/or AEP and EEP of the extracts from propolis. 
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tyrosine protein kinase, and lipoxygenase in the colon and liver (14) . Among the constituents of propolis, artepillin C is considered to be responsible for the anticancer property of propolis. Artepillin C induces cell-cycle arrest via stimulation of Cip1/p21 expression in the human colon cancer cells, Caco-2 (26) . Dietary artepillin C also suppresses ACF development in conjunction with the induction of phase II enzymes in liver in mice initiated with AOM (15) . Although several reports exist demonstrating the cancer chemopreventive effects of other ingredients in propolis, such as caffeic acid ester (14, 27) , cinnamic acid (28) and galagin (29) , few experiments investigating the chemopreventive ability of propolis extracts or fractions exist.
In the AEP used in this study, the main ingredients are dicaffeoylquinic acid isomers, p-coumaric acid and chlorogenic acid as reported previously (30) . Notably, 3,4-, 3,5-and 4,5-di-O-dicaffeoylquinic acid isolated from the sweet potato (Ipomoea batatas L.) possesses anti-mutagenic activity in the reverse mutation of Salmonella typhimurium TA 98 induced by the 3-amino-1,4-dimethyl-5H-pyrido(4,3-b) indole (17) . A water extract of Brazilian green propolis and its main ingredients of caffeoylquinic acid derivatives (3,4-di-Ocaffeoylquinic, 3,5-di-O-caffeoyl-quinic and chlorogenic acids), have antioxidant effects (16) . Although dicaffeoylquinic acid possesses antioxidant activity (31, 32) , its chemopreventive effects of carcinogenesis have yet to be reported. p-Coumaric acid with antioxidative ability (33) inhibits cell proliferation by affecting cell cycle phases in the human colonic cell line Caco-2 (34), and significantly decreased the mutagenicity of Glu-P-2 (35) . Dietary chlorogenic acid, a prominent antioxidant (36) , prevents the development of the AOM-induced ACF in rat colon (37) and inhibits DNA methylation in human breast cancer cells (38) . Therefore, these biological activities of the main constituent of AEP may contribute to the reduction of ACF formation in this study.
In conclusion, our results suggest that AEP (mainly containing dicaffeoylquinic acid isomers) as well as EEP isolated from the Brazilian propolis exert inhibitory activities against AOM-induced colonic ACF. Their suppressing effects may be due to the suppression of cell proliferation without affecting apoptosis.
